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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL MEMORANDUM X-450

INVESTIGATION OF THE LOW SUBSONIC STABILITY AND CONTROL
CEARACTERISTICS OF A HYPERSONIC BOOST-GLIDE TYPE
ATRPLANE WITH WING, FUSELAGE, AND
VERTICAL-TAIL MODIFICATIONS®

By Robert E. Shanks
SUMMARY

A static force-test investigation has been made to determine the
low subsonic stability and control characteristics of several configura-
tions of a hypersonic boost-glide vehicle having a fuselage and wing-tip
vertical tails on the upper surface of the wing. In general, it was
found that the vertical tails were longitudinally destabilizing, that
the directional stability was increased by toeing in the vertical tails
and that the lift-drag ratio was increased by boattailing the fuselage.
The lateral and longitudinal controls remalined effective over the angle-
of-attack range but the effectiveness decreased appreciably at the angles
of attack between 20° and 30°. The presence of a fuselage on the forward
upper surface of the wing caused & break in the 1ift curve at an angle
of attack of about 250 and a reduction in meximum 1ift coefficient.

INTRODUCTION

An investigation is being conducted by the National Aeronautics and
Space Administration to provide information on some proposed hypersonic
boost-glide configurations over the speed range from hypersonic to low
subsonic speeds. BSome of the results at transonic and supersonic speeds
are reported in references 1 to 3. The present investigation was made
to provide some information at low subsonic speeds on the longitudinal
and lateral stability characteristics of some of the hypersonic boost-
glide airplane configurations reported in reference 4 with various
geometric modifications. The configurations tested included one clipped-
delta and several cranked, clipped-delta planforms with the fuselage and




the wing tip vertical tails on the upper surface of the wing. The large
number of modifications considered is a result of various exploratory

tests made in an effort to provide scome information on means of improving

the stability characteristics and lift-drag ratios.

Most of the investigation was made over a range of angles of attack
from 0° to 30°; a few tests were made up to an angle of attack of 90°.
Tests were made to determine the effect of trailing-edge wing-chord
extensions, fuselage boattailil modifications, and vertical-tail geometry
and toe angle on the longitudinal and lateral stebility and control char-
acteristics of the models.

SYMBOLS

The lateral data are referred to the body system of axes (fig. 1)
and the longitudinal data are referred to the wind system of axes. The
origin of the axes was located at a longitudinal center-of-gravity posi-
tion of Gh-percent body length except as noted. (For corresponding per-
cent of mean aerodynamic chords, see table I.) All coefficients are
based on individual areas and mean aerodynamic chords.

b wing span, ft

of

wing mean aerodynamic chord, ft

Ch drag coefficienp, FD/qS
Cr 1ift coefficient, Fp /qS
Cy - rolling-moment coefficient, MX/qu
Cia = §gz-per degree
B op
Cp pitching-moment coefficient, My/qSE
Cmo pltching-moment coefficient at CL = 0
Cn yawing-moment coefficient, MZ/qu

C
CnB =2 per degree

B

N oo+



oo

Cy side-force coefficient, Fy/QSb
Cy, = §E§ per degree
B8 5[3

D drag, 1b

Fp drag force, 1b

FL 1lift force, 1lb

Fy side force, 1b

1y vertical-tail toe angle (angle between the planes of symmetry
of the vertical tail and the model), positive when toed-in
and negative when toed-out, deg

L 1ift, 1b

1 fuselage length, in.

My rolling moment, ft-1b

My pitching moment, ft-1b

Mz yawing moment, ft-1b

q dynamic pressure, pVE/E, 1b/sq Tt

R radius, in.

5 wing area, sq ft

A\ airspeed, ft/sec

X,¥,2 coordinate axes

od angle of attack, deg

B angle of sideslip, deg

o differential elevon deflection as ailerons, ©OgR - Oe1, deg

Be

simultaneous elevon deflection as elevator, deg




O rudder deflection, deg

0 air density, slugs/cu ft
Subscripts:

L left

R right

APPARATUS AND MODELS

The models were tested in a low-speed tunnel with a 12-foot
octagonal test section at the Langley Research Center. Each model was
sting-mounted and the forces and moments were measured about the body
axes by means of three-component internal strain-gage balances.

The investigation was made with 0.097-scale models of proposed
alrplanes; these models were constructed of aluminum alloy. Three-view
drawings of the models used in the tests are shown in figures 2 to L,
The various configurations are identified by numerical subscripts to
letters indicating model components, B (body), W (wing), F (wing chord-
extension), and V (vertical tail). For convenience in locating the

details of the particular configurations the following table is presented.

Fuselage |Figure || Wing|Figure || d_z}iginsions Figure Vegﬁal Figure
By 2(a) Wy | 2(a) Fy 2(b) Vi | 2(b)
Bo 3(a) Wy | 2(a) Fo 2(b) Vo 2(b)
B3 3(b) || Ws | 3(a) Fz 2(b) V3 2(v)
B;; 5(p) || Wg | b V), 2(b)
Bs 3(b) Vs 5(a)
Bg L Ve 3(a)

V7 Lo
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The wings (including the chord-extensions Fi1, Fp, and F3) and all but
two (V5 and V7> of the vertical tails had a l/8—inch flat-plate airfoil

section to facilitate construction. A balsa cap was added to wing Wg

for some tests to give a thicker cambered wing section considered suitable
for hypersonic design. Vertical tails Vs and V7 had wedge and modi-

fied wedge sections as shown on figures 3(a) and 4, respectively. The
toe angles of the vertical talls were changed by rotating the tails about
the 50-percent root-chord point. The trailing edges of vertical tails Vy

were located at the trailing edge of wing W1 for the longitudinal tests
to compare wing-chord extensions Fq, Fs, and FB’ but for the lateral
tests to compare vertical tails Vy, Vo, VB’ and V), the trailing edges

of the vertical tails were all on the trailing edges of flaps Fop.

The significant geometric characteristics of the wing and vertical-tail
configurations are presented in table I.

TESTS

The static longitudinal and lateral stability characteristics of
the models were determined for the most part over an angle-of-attack
range of 0° to 30° but several of the longitudinal tests were made over
angle-of-attack ranges of 0° to 50° and 00 to 90°. Most of the lateral
characteristics were determined over a sideslip range of -20° to 20° for
various angles of attack, although some tests were made through an angle-
of-attack range at sideslip angles of *5°., Elevator, aileron, and rudder
effectiveness were determined for angles of attack from 0° to 30° for
configuration BzWsVs5 only.

The tests were made at a dynamic pressure of 4.25 pounds per square
foot which corresponds to an airspeed of 60 feet per second and a test
Reynolds number of %8%,000 per foot and an average Reynolds number based
on the model mean aerodynamic chords of approximately 1,000,000.

RESULTS AND DISCUSSION

Longitudinal Stebility and Control

Since most of the tests were made with thin flat-plate wings, it
is desirable first of all to establish the effect of wing thickness on
the longitudinal stebility characteristics of the models. A comparison
is therefore made in figure 5 of the longitudinal characteristics of




configuration B6W6V7 with a l/8—inch flat-plate wing and with a wing

having an airfoil shape {1.13 inch maximum thickness). The data show
that the flat-plate section produced smaller negative pitching moments
but the static longiltudinal stability (de/dCL> of the two configura-

tions was virtually the same. The difference in pitching moments and
the relatively minor differences in the 1ift and drag curves (that is,

zero-1ift angle of sttack, Cp_. , chax> are typical camber and

thickness effects. The IL/D values are about the same for both con-
figurations at angles of attack greater than 5°. Since there was no
large effect due to wing thickness and since the effects of change in
configuration were of primary interest in this study, it appeared that
the use of thin flat-plate wings was suitable for the purpose of this
investigation.

All the configurations studied were either longitudinally neutrally
stable or unstable about the reference center-of-gravity position (0.641)

at lower angles of attack (0° to 25°). This moment reference was selected
so that the data of this report would be consistent with the data presented

in reference 1 and with similar data obtained in other facilities.

Vertical tail.- The effect of vertical tails at various toe angles
on the longitudinal characteristics is shown in figure 6 for configura-
tion BqWyVy which had a thin flat-plate wing and tail surfaces. The

data show that the tip tails were destabilizing and that toe angle had
little effect on the longitudinal stability. A change from toe-in to
toe~out, however, caused & positive shift in Cmo'

The tail-off and zero-toe configurations gave about the same values
of lift-drag ratio and these were higher than the values for either the
toe-in or toe-out configurations up to an angle of attack of about 25°.
The lower lift-drag ratios for the toed-tail configurations can probably
be attributed to the higher drag of the tails. The toe-out configura-
tion had the lowest L/D ratio throughout the angle-of-attack range.

Wing chord-extension.- The data of figure T7(a) show the effect of
adding horizontal extensions to the wing trailing edge for the case of
the center of gravity remaining at a constant position on the fuselage
(0.6L41) whereas figure T(b) shows the same data for constant percent T
center-of-gravity locations. The data of figure 7(a) show that all the
trailing-edge chord-extensions had a stabilizing effect, the two larger
extensions, F; and Fxz, being more effective then the smallest, Fo.
It is interesting to note, however, that, when the four configurations
are referred to the individual 0.4Oc locations (fig. T7(b)), the con-
figuration without extensions (B1W1V1> is the least unstable.
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Fuselage shape.- Shown in figure 8 is the effect of various fuselage
boattail configurations on the longitudinal characteristics of model con-
figuration W5V5, The static longitudinal stebility was practically the

same for all fuselage configurations at the lower angles of attack. The
negative shift in the pitching-moment curve produced by fuselage Bz

suggests that the boattail at the back of the fuselage is acting like a
flap or elevator deflected downward.

The lift-drag ratio generally increased with decréasing base aresa
and in the case of fuselages Bo, B), and B5 the variation of the

lift-drag ratio with base area was linear. TFuselage Bz had a higher

lift-drag ratio than fuselage B), even though it had more volume for
the same base area.

Fuselage location and size.- The results of some tests made to
determine the cause for the break in the 1lift curve at angles of attack
of 250 to 30° seen in figure 7(a) for configuration B1W1Vy are given

in figures 9 and 10. The effects of sliding the fuselage back along the
wing (fig. 9) and of progressive removal of the conical forward portion
of the fuselage (fig. 10) are shown in these figures. The results of
both series of tests indicate that the forward portion of the fuselage
was responsible for the lift-curve break because the break disappeared
when the forward top surface of the wing was unobstructed by a fuselage.
Evidently, the relatively large body interfered with the wing vortex flow
as suggested in reference 3.

Elevator deflection.- The elevator effectiveness data for configura-
tion B5W5V5 are presented in figure 11. In general, the elevators pro-

duced a nearly constant increment of pitching moment up tc an angle of
attack of about 15° and then the effectiveness decreased with further
increase in angle of attack.

Lateral Stability and Control

The variation of Cy, Cp,, and C; with B for various angles of

attack is shown in figure 12 for most of the configurations discussed
herein. All of these tests are summarized in the form of the stability
derivatives CYB’ CnB, and CIB plotted against angle of attack in

subsequent figures. The values of these derivatives were obtained by
teking the difference between the values of the coefficients measured
at sideslip angles of 5° and -5°. Since some of the data are nonlinear,
these derivatives should be used only to indicate trends and to provide
approximate comparisons of the various configurations.




Vertical-tail thickness.- A comparison of the static lateral stability
characteristics for wing fuselage configuration BzWs with flat-plate

vertical tails at two toe angles and the 8° wedge section vertical tails
at zero-toe angle is made in figure 13. These data show that, in general,
the zero-toe and 4° toe-in configurations agree well with the wedge verti-
cal tails except for a small region at an angle of attack of about 20°,
These results indicate that the flat-plate vertical tails provided reason-
able simulation of the wedge vertical tails at zero toe angle when the
flat-plate tails were also at zero toe angle or were toed-in to the angle
of the outer surface of the wedge tail.

Vertical-tail toe angle.- The effects of toe angle on the lateral
stability characteristics of models BzWsVs and BjWLV; are shown in

figure 1Lk. Model BzWsVs had 8° wedge vertical tails and model ByWyVy

had flat-plate vertical tails. 1In general, toe angle had only a small
effect on the lateral characteristics of configuration B5W5V5. Over

most of the angle-of-attack range the toed-in configuration had more
directional stebility, or less instability, than the toed-out configura-
tion. Neither toe-in nor toe-out had much effect on the effective dihe-
dral {—CZB>° The comparison is also made in figure 14(a) of the flat-

plate vertical tail - Vi toed in 10° to represent the outer surface of
wedge vertical tail V5 when the tail is toed in 6°. Although the agree-

ment for these two configurations is not quite as good as that shown in
figure 13 for the case of the wedge tail at zero-toe angle, it appears
that the flat-plate tail does provide satisfactory simulation of the
wedge tail at the larger angles of toe-in.

Toeing the vertical tails in 10° on model ByWLVy (fig. 14(b))

produced small to fairly large increases in the directional stability,
up to an angle of attack of about 25° but had very little effect on
the dihedral parameter “CZB

Symmetrical rudder deflection.- Use of simultaneous outward deflec-
tion of the rudders has been suggested as a means of improving the direc~
tional stebility at hypersonic speeds. A few tests were made to determine
the effect of this configuration on the low-speed lateral characteristics
of model BBW5V5. The results of these tests are compared with toe-in

of the entire vertical tails in figure 15. These results show that toe-
in produced slightly better static directicnal stability characteristics
at the lower angles of attack (0° to 10°) associated with meximum 1lift-
drag ratio, whereas rudder deflection produced slightly better stability
at the moderate angles of attack (10° to 20°).
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Vertical-tail size and shape.- The effect of various vertical tails
on the lateral stebility characteristics of wing-fuselage combination
BiW;Fo is shown in figure 16. In general, the directional stebility
increased with increase in area of the vertical tails. All the configure-
tions except V3 became unstable at angles of attack between 250 and 309,

This configuration differed from the others in that part of the tail
extended below the wing. Comparison of the directional stability data
for configurations Vo and V5, which are the same except for the added

area below the wing for V5, shows that the unshielded portion of fin V5

below the wing added an almost constant increment of directional stability
up to an angle of attack of 40°. The data of figure 16 also show that
tail geometry had some effect on the value of CZB.

Fuselage shape.- The effect of fuselage shape on the lateral stability
characteristics is shown in figure 17 for fuselages Bj, Bp, and Bz on

wing—vertical-tail combination W5V5. Tests were made up to an angle of

attack of 30° for configurations B1 and B5 -but only to an angle of
attack of 20° for configuration Bo. In general, these differences in

fuselage configuration produced only minor changes in the lateral sta-
bility characteristics.

‘ Vertical-tail roll-out.- Outward rotation of the vertical tails has
been proposed as a method of increasing the static directional stability
at hypersonic speeds and at higher angles of attack. The data of fig-
ure 18 show the effect of 30° roll-out of the vertical tails on the
latera. stability characteristics of configuration B5W5V6. The static

directional stability was appreciably reduced and the model became
directionally unstable at a lower angle of attack than for the tails-
vertical configuration. The effective dihedral was increased.

Aileron and rudder effectiveness.~ The aileron and rudder effective-
ness for configuration B5W5V5 is presented in figure 19. These data

show that both the aileron and rudder effectiveness remained positive
over the angle-of-attack range but generally decreased with increasing
angle of attack. Although the ailerons produced an appreciasble amount

of adverse yaw, the rudders remained effective enough to balance out the
adverse yawing moment over the entire angle-of-attack range. Unpublished
data from flight tests of a somewhat similar configuration have indicated
that rudder and aileron characteristics of this type should provide sat-
isfactory control over the angle-of-attack range shown.
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CONCLUSIONS

The results of a low-speed investigation of the static stability and
control characteristics of several configurations of a hypersonic boost-
glide vehicle having a fuselage and wing-tip vertical tails on the upper
surface of the wing can be summarized as follows:

1. The wing-tip vertical tails were longitudinally destabilizing.

2. Toe-in of the vertical tails increased the static directional
stability.

5. Boattailing the fuselage increased the lift-drag ratio.

4. The lateral and longitudinal controls were effective over the

angle~of-attack range but the effectiveness decreased at angles of attack

between 20° and 500.

5. The presence of a fuselage on the forward upper surface of the
wing caused a break in the lift curve at an angle of attack of sbout 250
and a reduction in maximum 1lift coefficient.

Langley Research Center,
Naticnal Aeronautics and Space Administration,
Langley Field, Va., November 1, 1960.
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TABLE T.- GEOMETRIC CHARACTERISTICS OF TEST MODELS

wing Area, Span, | Aspect | ¢, reﬁzggzze r;¥222228
configuration| sq in. in. | ratio | in. percent E) percent 1’

Wy TOk. L | 26.24 | 0.98 | 34.0 48.8 64.0

W Fy 812.6 | 27.64 | .94 36.9 k2.0 64.0

W Fs 769.2 | 27.64 | .995 | 34.2 43 .0 64.0

WFz 817.4 | 30.36 | 1.10% | 33.5 k3.0 6L.0

Wy, 727.6 | 28.97 | 1L.15 32,1 k5.6 64.0

W, F, 800.6 | 31.18 | 1.26 31.7 38.6 64.0

Wy 708.6 | 27.49 | 1.07 32.1 45.8 64.0

Wg 740.2 | 27.48 | 1.02 3%.02 46.3 64%.0

Vertical-tail Area of each,
configuration sq in.

vy 55.00

Vo 85.20

V3 110.03

vy, 109.37

V5 55 .34

Vg 65.10

i 56. 4k
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Figure 1.~ Axis system used in Iinvestigation showing positive direction
of forces, moments, and angles.
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Figure 2.- Sketch of models BiW1Vy; and BiW,yVy.
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(b) Trailing-edge wing chord-extensions and vertical-tail configurations
used with ByWy.

Figure 2.~ Concluded.
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(a) Basic fuselage Bo.

Figure 3.~ Sketch of model B2W5V5.
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